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Risks result from a combination of hazards/threats, exposure and vulnerability, the latter component corresponding to
damage potential. In some cases, natural hazards and technological accidents are linked, resulting in so-called natural and
technological (Natech) risks.

Direct vulnerability is related to physical effects of a phenomenon on exposed elements such as buildings, while indirect
vulnerability refers to mostly economic or social effects due to (e.g.) to the consequences of the disruption of critical
infrastructure systems. Vulnerability (i.e., damage potential) has an essential influence on the ultimate level of risk, but it
constitutes highly multi-dimensional and time-dependent component.

Direct Vulnerability is influenced by both intrinsic parameters—such as material properties, design, and aging—and
extrinsic factors, including maintenance, operational context, and risk management strategies. It evolves dynamically over
time and conditions the residual capacity of a structure. Vulnerability is affected by time-dependent and cumulative
degradation processes such as successive external loadings, corrosion, fatigue, or environmental deterioration, as well as
by recovery and restoration mechanisms.

This paper aims to review recent research highlighting the relevance of multi-hazard analyses (e.g. flood then earthquake),
damage-state-dependent models, and degradation/restoration awareness. It also emphasizes the need to develop time-
dependent fragility curves and performance indicators that capture the progressive loss or recovery of a structure’s
capacity. Another key challenge lies in modeling the conditional accumulation of damage, which depends on the specific
physical effects associated with each phenomenon type.

A simplified approach is proposed to illustrate the nature and the influence of risk components with a focus on the
vulnerability component and its possible effect on the residual performance of a structure. Although approximate, this
methodology enables observation of the temporal evolution of the functional and economic properties of the structure.
Such an approach provides a conceptual foundation for a more integrated Natech risk assessment framework that takes
into account more realistic inputs: multi-hazard occurrence and interactions, exposed areas, assets value, structural
degradation and restoration, uncertainties of metrics.
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